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Abstract-A mathematical model for the management of the detonation wave front is presented at the change of the geometric characteristics and physical-mechanical parameters of the warhead. One of the important parameters for controlling the deformation process and the detonation wave front is changing the angle of detonation wave front approach. One of the possible ways to manage these parameters is the introduction of an energy generator (screen) in the warhead construction. The results of the numerical solving of the task are presented and practical recommendations have been made.
Index Terms-Detonation Process; Detonation Wave; HighEnergy Detonation; Energy Generator; Mathematical Model.
I. INTRODUCTION
The effectiveness of the ammunition, as follows from the well-known ratio of the hydrodynamic theory of M.A. Lavrentiev, depends on the kinematic and geometric nature of the detonation wave (DW) when approaching the elements of the munitions construction.
The shape of the detonation wave front (DWF) surface is determined by the filling of the corresponding cross section of the detonation products (DP), which in turn influences the nature of the variation in the velocity of dynamic deformation (contraction/stretching) of the ammunition elements.
It is known that the process of managing the detonation wave front is sensitive to the change of geometrical characteristics and the physical and mechanical parameters of the fragmentation (cumulative) warhead forming high concentrated flow of fragmentation elements (cumulative jet) [1] - [4] . One of the important parameters for controlling the deformation process and the DWF management is changing the angle of the front approach between the normal to the external forming elements of the cumulative warhead structure.
II. MATHEMATICAL MODEL OF THE PROCESS
There are several constructive ways of varying these parameters, the two most common being: -Non-uniform or discreet phlegmization of the explosive charge in radial direction; -Introducing an "energy generator" -a screen facilitating the deformation and management of the DWF in the construction of the fragmentation (cumulative) warhead. We will look at the first way. Let's have a homogeneous axis-symmetrical explosive charge. All subsequent modifications introduced into the structure preserve the axial symmetry, so the analysis is performed in an orthogonal coordinate system YOZ, where OZ is the axis of symmetry of the ammunition. A homogenous axis symmetrical explosive charge is considered (Fig. 1) . Let a point source of detonation be located at the beginning of the coordinate (point O), from which at point = 0 the DWF starts propagating within the mass of the explosive charge with velocity = . Obviously, at any moment of time = , the surface of the detonation wave is a hemisphere with radius ( ) = . (the explosive charge is physical at ≫ 0).
We record the equation of the DWF at any moment of time for an arbitrary set law of the DW velocity change by the radius, which for the known function is = ( ).
In that case, at the moment of time = When crossing the DWF along the OZ axis, the surface curve is reduced, with some ≥ . , which in practice can be considered as zero, i.e. the DWF is considered to be flat and distributed perpendicularly to the Z axis. Such assumption substantially simplifies the calculation of the fragmentation (cumulative) action.
The criteria for evaluating the magnitude of the critical value of the parameter may be different. For example, if Mathematical Model of the Management of High-Energy Detonation Processes through an Energy Generator (Screen)
Stancho P. Petkov, Petko S. Petkov, Georgy M. Nikolov, Adelina D. Tumbarska the time of filling the fixed cross section with detonation products is 10 times less than the DW transition time , then the DWF is considered to be flat. In this case, it follows that at some time point 1 = . / , the detonation wave front has touched the MN line and has started the process of filling the MN cross section with the detonation products (Fig. 2) . At the moment of crossing the forming DWF with point N and section MN, the flat is filled with the detonation products.
It is easy to show that in this case
From Fig. 2 follows:
Then, the current meaning of the criterion for evaluating the shape of the curve of the DWF can be written as follows:
or taking into account (2):
By conducting several simple algebraic transformations, we solve the obtained inequality, relative to the parameter . Fig. 3 is shows a graph of the dependence of the parameter on the magnitude . The graph shows that at = 0.2 = 2.4, and at = 0.1 = 4.95, i.e. with an acceptable accuracy for the engineering calculations. The DWF propagation within the explosive substance mass in the case of a point source of detonation initiation can be considered flat when the source of detonation is removed at a distance of 2 ÷ 4 diameters of charge.
The effect of screen (energy generator) introducing consists of the following, (Fig. 4) [5] - [7] .
On the path of propagation of the detonation wave is placed inert body non-penetrating by the DWF. Initially, let's have a thin plate with radius = 0 , located at a distance A from the center of initiation point O. The DW forming pattern in this case is shown in Fig. 4 . At a point in time 1 , the DWF reaches the O1B plate at point B with coordinates ( = 0; = ), after which sliding movement of the crossing point of DWF and the plate starts, in the direction of point O1, with variable velocity ( ) (Fig. 5) . 
We notice that
At the next stage of the analysis, we will consider a thick cylindrical plate as an energy generator (screen).
The screen has the following geometric parameters: radius 0 , thickness , the left edge of the screen is at a distance from the point of initiation O, Fig. 6 . In this case, the DWF is propagating in zone I, the section of which is a meridian plane passing through the OZ axis and an arc with a radius = . , i.e. the zone is according to the equation: 
Finally, in zone III, by analogy to zone II:
Thus, at any point in time > , the full surface of the detonation wave front is a continuous -broken line. Using the properties of Heaviside's single function [8] :
The general equation of the detonation wave forming front can be written in the type: 
Obviously, if the screen in the ammunition construction consists of several sections forming the side surface -a continuous broken line, then the DW formation is analogous to the example above (Fig. 7) . From the analysis of the drawing it follows that the radius of the curve forming the DWF in the -zone (denoted by 1 ) is smaller than the corresponding radius of the curve at that moment = in the "undeformed" first zone of a certain parameter (in the labels of Fig. 8.) . 
where -the length of the forming section of the energy generator (the screen).
For the DWF forming the -th zone, we can write:
where = √ 2 + ( − −1 ) 2 , 1 = . .
We will note that it is physically meaningful to analyze the forming of the energy generator (screen) when the screen has the shape of a convex polygon, since in the recessed portions of the screen surface do not deform the DWF and we can replace them through a chord connecting the edges of the convex zones.
Further on, we will move to the analysis of smooth functions -forming the side surface of the screen. Let in the yOz coordinate system of the section ∈ [ , ], > ; > 0 a continuous function is set, having a continuous first and a negative second derivative. This completes the additional condition ′ ( ) ≤ ⁄ , ensuring the protuberance of the starting section (Fig. 8 ). Executing a transition from Fig. 6 at 1 → 0, it can be determined that at any point with coordinates [ξ; y (ξ)] of the side surface of the screen forming (Fig. 8) , the detonation wave front will come for a time of At a moment when the DWF moves from point to point in the direction of the considered element of the sector , the DWF will pass a distance ′ (Fir.8), which magnitude is defined as:
. .
(13)
Then we determine the coordinates of point ′:
We make some trigonometric transformations and finally obtain:
The equation (15) is the sought equation allowing, by a given equation of the side surface of the screen y = y (ξ) and the meanings of and , to construct the equation forming the DWF at the moment of its "collapse" from the surface of the screen, i.e. at the moment of the DWF crossing with the right end point on the side surface of the screen.
The greatest interest in the practice of designing cumulative ammunition is the case when the detonation wave front has completely gone through the screen profile (Fig. 9 ). So, at the time of passing the DFW at the extreme right point of the screen (point ), the equation of the DWF forming has the form: -in zone I:
-in zone II: ( − )
-in zone IV detonation has not yet occurred, there is a explosive substance at rest. Finally, at > (precisely this stage corresponds to the deformation of the DWF and the formation of a concentrated stream of kinetic elements).
-in zone I: Thus, the task of building snapshots of the forming of DWF in a uniform explosive charge with a screen is solved.
It will be noted that the analytical representation of the DWF forming with the help of equations (13) - (17) is possible only for a very limited class of functions describing the side surface forming, i.e. for the function = ( ). Therefore, in most practical cases, to build the DWF forming pattern, the use of numerical methods will be required.
Analysis of the equations (13) - (17) 
III. RESULTS OF THE NUMERICAL SOLUTION AND PRACTICAL RECOMMENDATIONS
Below are described some specific results of the calculations performed, showing the influence of the geometric characteristics and the location of the screen on the transformation of the DWF forming which can be used in design of fragmentation means with lethal and non-lethal effect [5] , [6] . Fig. 10 shows the effect of axial displacement of a flat screen with a radius on the type of the DFW forming at different points of time for a point detonation initiation scheme.
Calculations were made at Fig . 11 shows the influence of the screen radius at a fixed axial position on the screen ( = 0.08 ) on the profile of the front.
Dense lines correspond to = 0.02 ; dashed line = 0.035 ; axis line = 0.05 . The above-mentioned local effect of the screen geometry on the DWF profile is confirmed again. From the point of view of increasing the efficiency of the cumulative warhead, it is necessary in the design of the screen to aim its maximal possible radial gauge. Obviously, the limiting factor in this case is the minimum allowable magnitude of the clearance between the screen and the inner surface of the warhead body [9] , [10] . In addition, the maximum speed at the meeting of the fronts and obtaining the maximum speed of the lining ejection will be achieved when the following condition is met: Similar conclusions have also been reached by authors in scientific work [11] .
